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@ Catalyst compositions and process for preparing polyolefins. 



Catalyst compositions comprising both metallocene complexes having polymerisable groups and 
polymerization catalysts eg Ziegler-Natta may be used for the preparation of polyolefins. The catalyst 
compositions may comprise the metallocene complex in the form of a polymer and may suitably be 
supported on inorganic supports. Polymers having a wide range of molecular weights and comonomer 
distributions may be prepared by use of the catalyst compositions. Prefened metallocene complexes 
are zirconium complexes in which the polymerisable group is vinyt. 
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The present invention relates to novel catalyst compositions and their use in the polymerisation of olefins. 
Metallocene complexes of Group IVA metals such as (cyclo pentad I8ny1)22ya2 are known as homogeneous 
polyolefin catalysts in the presence of a suitable co-catalyst. Such catalyst systems have proven to be highly 
active towards ethylene and alpha olefins forming narrow molecular weight distributions of polyolefins. 
5 It would however be highly desirable to provide catalyst systems having multicomponents which may be 
used, particularly In the gas phase, to prepare polymers having a wide molecular weight distribution. 

We have now found that metallocene complexes having a polymerisable group may be used advanta- 
geously together with one or more polymerisation catalyst as components in catalyst compositions suitable 
for t he polymerisation of olef ins. 
to Accordingly, the present invention provides a catalyst composition comprising at least one polymerisation 
catalyst and at least one metallocene complex, said metallocene complex having the geneial formula I or II 

MIXRJ,Yp (I) 

15 / ".^ 

»Vb (II) 



20 Wherein R is a univalent or divalent i-20C hydrocarbyl. or a 1-20C hydrocarbyl containing Substituent oxygen, 
Silicon, phosphoms, nitrogen or boron atoms with the proviso that at least one R group contains a polymeris- 
able group and preferably contains at least three carbon atoms and when there are two or more R groups pres- 
ent they may be the same or different, and when R is divalent it is directly attached to M, and replaces a Y 
ligand. wherein 

25 X is an organic group containing a cyciopentadienyt nucleus. 

Mis a Group IVA metal. 
Y is a univalent anionic ligand and 
for formula I. 

n is an integer of 1 to 10 
30 X is either 1 or 2, and 

when X = 1 , p = 0 - 3. that is, when all R are univalent, p = 3; when one R is divalent, p = 2, when two 
Rs are divalent, p = 1 and when three Rs are divalent, p = 0. 

when X = 2. p = 0-2, that is. when all R are univalent, p = 2; when one R is divalent, p = 1 and when two 
Rs are divalent, p = 0, and for fomriula II. 
35 n, m and I are integers or 0 such that n + m + I s 1. p = 0-2, that is, when ail R are univalent, p = 2; 

when one R is divalent, p = 1 and when two Rs are divalent, p = 0, and 

Z is a C, to C4 alkylene radical or a dialkyi germanium or silicon or an alkyi phosphine or amine radical 
or bis-dialkylsilyl or bis dialkylgemfianyl containing hydrocarbyl groups having 1 to 4 carbon atoms bridging the 
cyclopentadienyl nuclei. 

40 The present invention provides a novel catalyst composltton which comprises one or more polymerisation 
catalysts and one or more metallocene complexes wherein the metallocene complexes contain at least one 
polymerisable group. 

The catalyst composition comprises an olefin addition polymerisation catalyst which may suitably be a 
Group IVA. VA or VIA metal catalyst (Ti, Zr. Hf. V or Cr) eg a metal oxide or metal crganometatlk: compound 

45 such as a metallocene. Alternatively, the polymerisation catalyst may be a supported Ziegler Natta catalyst, 
for example, TiCU supported on Mga2. The preferred polymerisation catalyst is a Ziegler Natta catalyst. 

The Ziegler Natta catalyst comprises titanium and halogen, usually chloride and preferably also magne- 
sium. The catalysts have a titanium component which may be in a 3 and/or 4 valency and as a co-catalyst an 
organoaluminium compound. They and their preparation are well described in the literature. Generally the tl- 

50 tanium component is of fomiula TICI. (0R)4.a» where R represents alkyl. eg of 1-6 carbons, such as titanium 
tetrachloride, tetra ethyl or propyl titanate or mixtures thereof 

The titanium component may be impregnated onto a support, eg silica or alumina, or magnesium chloride, 
which may be in the form of particles or as a coating itself on a support, eg silica or alumina. The magnesium 
chloride particles may be of 1 0-1 00 microns and may be made by grinding larger particles. However, preferably 

55 they are substantially spherical and made by reacting an organomagnesium compound with an alkyi chloride 
or hydrogen chloride in an anhydrous solvent such as an aliphatic hydrocarbon; especially the latter reaction 
is performed in t he presence of an electron donor such as an dialkyi et her such as dibutyl ether and/or aromatte 
carboxylate ester such as ethyl p-toluate and provides a magnesium chloride support also containing electron 
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donor. Alternatively, Ziegler Natta catalysts may be made by copredpltation of titanium and magnesium alkoxy 
hallde from a mixture in an organic anhydrous solvent of titanium tetrachloridpAetraalkyI titanate and a mag- 
nesium alkoxy compound. 

The metallocene complex of the present Invention is a Group IVA metallocene of general formula I or tl 
5 wherein M is suitably hafnium, zirconium or titanium. Preferably, M is zirconium. 

In the metallocene complex of general fomnula I or II. X comprises a cyclopentadienyl nucleus. Suitably X 
represents a single ring cyclopentadienyl nucleus or a tiised ring one such as indenyl or tetrahydroindenyl or 
fluorenyl nucleus. Preferably X is the cyclopentadienyl nucleus. 

In t he metallocene of general formula I or II when there are two or more R groups present t hese may be 
10 the same or may be different. At least one of R contains the polymerisable group, especially an olefinic group. 
The R groups of t he metallocene complex are Independently organic hydrocarbyt groups, at least one of 
the R groups having a polymerisable group. For the purposes of the present invention, a polymerisable group 
may be defined as a group which can be incorporated into a growing polymer chain. The prefen-ed polymer- 
isabte group of which R consists or comprises is an olefinic group. Preferably, the olefinic group consists of 
15 or comprises a vinyl group. 

R may independently be an alkenyl group of suitably 2 to 20, preferably 3-20 especially 3-6 carbon atoms. 
The alkenyl may suitably be linear or branched, for example, an alkenyl group such as but-3-enyl or oct-7-enyl; 
or an alkenyl aryl. alkenyl cycloalkyi or alkenyl aralkyi group, each having 6 to 20 carbon atoms, especially p- 
vinyl phenyl or p-vinyl benzyl. 
20 Additionally, one of t he R groups may be a silyl group such as trimet hyl silyl. triet hyl sllyl. ethyl dimethyl 
silyl. methyldiethyl silyl. phenyldimethyl silyl. methyldiphenyl silyl, triphenyl silyl and the like. 

R may also represent an organic hydrocarbyl group such as an alkyi group of 1 to 10 carbon atoms such 
as methyl, ethyl, propyl hydrocarbyl groups or a cycloalkyi group containing 5 to 7 carbon atoms, for example, 
cydohexyl or an aromatic or aralkyi group of 6 to 20 or 7 to 20 carbon atoms respectively, for example, phenyl 
25 or benzyl. 

m and n are at least 1 and not greater than 10. eg the maximum value depending on the number of 
possible Substituent positions available in the X nucleus. Where for example X is cyclopentadienyl, the maxh 
mum for n is 5 whilst the maximum of n is 7 for the indenyl nucleus. 

Y is a univalent anionic ligand. Suitably the ligand is selected from hydride, halldes. for example, chloride 
30 and bromide, substituted hydrocarbyls, unsubstituted hydrocarbyls, alkoxides, amides or phosphides, for ex- 
ample, a dialkylamide or a dialkyi or all<yl aryl Phosphide group with 1 to 10 carbon atoms in each alkoxide or 
alkyi group and 6 to 20 carbons in the aryl group. 

The preferred catalyst composition of the present invention comprises a Ziegler-Natta catalyst and a met- 
allocene complex of general fonnula I wherein: 
35 M is zirconium 

R is C3 to C10 hydrocarbyl with a vinyl group 
X is a cyclopentadienyl group 

Y is chloride and 
n is 1 or 5 

40 X is 2. and 

pis 2. 

The prefen-ed catalyst composition may also compriae a Ziegler-Natta catalyst and a metallocene complex 
of general formula II wherein: 
M is zirconium 
45 R is C3 to Cio hydrocarbyl with a vinyl group 

X is an Indenyl group 

Y is chloride 
n = m = ) 

1 - 0, and 

50 Z is a Ct to C4 alkylen© or a bis dimethylsilyl containing Ci to C4 hydrocarbyl group. 

Examples of suitable metallocene complexea of general formula 1 and general formula II are illustrated in 
the attached Figures 1 and 2 respectively. 

Metallocene complexes of general formula I, where x = 2, and general formula II may suitably be prepared 
by reacting a suitable group IVA metal salt of the general fomnula MYYCI2 with a compound with a polymerisable 
55 group containing a cyclopentadienyl anton of the general fomiula ((R)„X]M' or [R„X-ZRrXR«]M'2. Suitably the 
M' is an alkaline metal. It Is preferred that the Group IV metal salt is a tetra halide salt, most preferably a tet- 
rachloride salt. It is prefen-ed that the preparation of the metallocene complex is canied out in the presence 
of an anhydrous organic solvent such as an aliphatic ether such as diethyl ether or an aromatic hydrocarbon 
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such as toluene or a cyclic ether such as tetrahydrofuran and under an inert atmosphere. The preferred con- 
ditions are in the presence of dry tetrahydrofuran and under dry nitrogen. 

If a metallocene complex is to be prepared in which the R groups are different then for formula (I) where 
X = 2 two different ((R)nX]M' compounds are used and forfomiula II, the appropriate mixed compound is used. 

5 The salt of general fomnula [(R)nXlM* (III) may be prepared by any suitable method from the corresponding 
compound of fonnula {R)r»XH (IV) by reaction with a suitable metal. Suitably, the metal is an alkaline metal 
selected from lithium, sodium or potassium. The metal may also be an organo hydrocarbyl alkali metal com- 
pound such as an alky! or phenyl sodium, lithium or potassium compound. Preferably, it is a lithium compound. 
The compound (R)„XH may itself be formed by reaction of a compound of general formula XM" (V) where 

10 M" is an alkali metal. Suitably XM" is sodium cyclopentadienide. XM" may be reacted with a compound R- 
R" where R is as defined above and R** is a suitable leaving group. Alternatively, XM" and X*M" may be reacted 
with Z(R)iR"2.R*' may suitably be a nucleophilic leaving group. Preferably, R" is a halide selected from chlor- 
ide, bromide or iodide, an ester group, especially a sulphonate ester such as alkane sulphonate or aryl sul- 
phonate. Suitably, t he aforementioned reactions are carried out in t he presence of an anhydrous organic sol- 

IS vent and under an inert atmosphere. 

Where it is desired to prepare the metallocene complex of general formula I wherein x is 1 , the complex 
may suitably be prepared using procedures well known in the field. For example, the cyclopentadiene com- 
pound X(R)nH could be reacted with a metallating agent where the metal (M") is a Group I alkali metal to provide 
X(R)nM''. Metallating agents include n-BuLI or MeLL Suitably X(R)nM" is then reacted with trimethylsilyl dilor- 

20 ide in an appropriate solvent to provide (Me3SI)X(R)rt. Further reaction with a Group IV metal halide will suitably 
provide a metallocene complex of general formula M[X(R)nlY3. This Synthesis is particularly preferred for the 
preparation of the titanium metallocene, although variations of the Synthesis can be used to prepare analogous 
zirconium and hafnium complexes. In another example, if X(R), contains one or more functional groups with 
a protonated heteroatom, additional equivalents of the metallating reagent will deprotonate both the cyclopen- 

25 tadiene nucleus and one or more of the heteroatoms. Reaction of the metallated polyanlon with a Group IV 
metal halide wilt suitably provide a metallocene complex of general formula M[X(R)n]Yt, where Y is halide and 
t = 0 - 2. In this case, (3 * t) R groups will bridge t he cylopentadienyl nucleus and the metal atom by means 
of a bond between t he metal atom and a deprotonated heteroatom. 

If desired the complexes of fonnula I or II wherein Y is halide may be converted into the complexes of for- 

30 mula I or II wherein Y is one of the other specified groups by reaction of the halide with an appropriate nude- 
ophile eg alkoxide. 

The metallocene complexes of general fomnula I and/or II, and/or the polymerisation catalyst of the catalyst 
composition of the present invention may suitably be supported on an inorganic support to provide a supported 
catalyst which provides another aspect of the invention. Any suitable inorganic support may be used, for ex- 
35 ample, inorganic oxides such as silica, alumina, silica-alumina mixtures, thoria. zirconia, magnesia, titania and 
mixtures thereof. Equally suitably inorganic halides may be used. Suitable halides include group IIA halides, 
e.g. magnesium chloride. The complex of fomnula I or II preferably comprises 0.01 - 50% by weight of said sup- 
ported catalyst composltton. 

The metallocene complex and/or the polymerisation catalyst may suitably be impregnated onto the support 
40 material under anhydrous conditions and under an inert atmosphere. The solvent may then be evaporated un- 
der reduced pressure. The impregnated support may then be heated to remove any remaining solvent. 

The metallocene complexes of general fonnula I and/or II may also be incorporated into a polymer which 
may be combined with a polymerisation catalyst as def ined above to generate a catalyst composltton according 
to anot her aspect of t he present invention. The metallocene containing polymer usually contains a high group 
45 IVA metal content and is usually a low yield polyolefin, comprising one or more metallocene complexes of gen- 
eral formula I and/or II wit h one or more olefins. 

The metallocene containing polymer may suitably be prepared by heating one or more metallocene com- 
plexes offormula I and/or 11 usually in the presence of an inert solvent and/or suitable co-catalysts as described 
further below and preferably in the presence of one or more alpha-olefins or ethylene, so that the metallocene 
50 complex is co-polymerised. Suitably, the alpha-olefin may be a C3 - CIO olefin. 

The metallocene containing polymer and the polymerisation catalyst may suitably be impregnated onto the 
support material under anhydrous conditions and under an inert atmosphere. The impregnation can be con- 
ducted using an inert solvent in which case the solvent may then be evaporated under reduced pressure. The 
impregnated support may then be evaporated under reduced pressure. The impregnated support may then 
55 be heated to remove any remaining solvent. Preferably, t he metallocene containing polymer is dissolved in t he 
inert solvent. Suitable inert solvents include aromatk: hydrocarbons, such as toluene. Alternath^ely. and equally 
applicably, the metallocene containing polymer may be impregnated onto a supported polymerisation catalyst. 

In another aspect of this invention, a catalyst compositton containing a polymerisation catalyst and met- 
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allocene containing polymer may be prepared in one step. In this case, one or more metallocene complexes 
of fonnula I and/or II are combined with one or more polymerisation catalysts as described above under con- 
ditions in which the polymerisable group of the metallocene is incorporated into a polymer. Preferably, the poly> 
merisation will be conducted in the presence of one or more alpha-olefins or ethylene so that the metallocene 

5 is copolymerised. Suitably, the alpha-olefin may be a C3 - CIO olefin. The polymerisation catalyst is optionally 
and preferably supported. In this aspect of the invention, the catalyst component responsible for forming the 
metallocene containing polymer could be the metallocene or the polymerisation catalyst or a combination of 
the two. Suitably, one or more co-catalysts are presentfor the formation of the metallocene containing polymer. 
It is a particular advantage of this aspect of the present invention that an active catalyst composition com- 

10 prising a metallocene containing polymer may be supported on an inorganic oxide or metal halide support with 
a polymerisation catalyst without using cocatalysts such as aluminoxanes as the means of support. Aluminox- 
anes are expensive and difficult to handle and it is desirable to minimise their use. Conventionally, they are 
used as both a means of binding ntetallocenes to inorganic supports and as cocatalysts. The current invention 
obviates the need for aluminoxanes as a means of binding. This allows their use as cocatalysts only or not at 

15 all by selecting alternative cocatalysts, eg. Bronsted or Lewis acids. 

Afurther advantage of this aspect of the current invention is that it provides a support method which pre- 
vents desorption of metallocene complexes from a supported catalyst under certain polymerisation process 
conditions, eg slunry. Conventional metallocene support methods where the metallocene complex is simply 
adsorbed onto the support surface, with or without the use of cocatalysts such as aluminoxanes, may undergo 

20 some metallocene complex desorption under polymerisation process conditions. 

The conditions of formation of the polymer are substantially similar to those for the polymerisation descri- 
bed hereafter, but with a lower degree of polymerisation, eg for a shorter time. 

The catalyst compositions of the present invention may be used as catalysts in the polymerisation of ole- 
fins, particulariy ethylene. The catalyst composition may contain at least two classes of active site namely that 

25 due to the metallocene and that due to the polymerisation catalyst. 

If desired, both classes of acth^e site may be retained during the olefin polymerisation reaction to provide 
a final polymer comprising polyolefins with differing molecular weight and/or branch distribution. Such poly- 
mers may, for example, have a multi-modal molecular weight distribution. Alternatively, one type of active site 
in the catalyst composition may be deactivated prior to use in the polymerisation reaction, the resulting poly- 

30 olefin having a more uniform molecular weight and/or branch distribution. The latter option may be achieved' 
by, for example, selectively deactivating the active site of the polymerisation catalyst by Chemical treatment 
or choosing a polymerisation catalyst and/or conditions which give rise to low polymerisation activity relative 
to that of the metallocene sites. Altematively, the relative proportions of the catalyticatly active components 
of the catalyst composition may be chosen to adjust the polymerisation catalyst activity to give the desired 

35 polymer properties. 

When used for the polymerisation of olefins the catalyst compositions of the present invention are env 
ployed in combination with a cocatalyst. 

The catalyst compositions may therefore comprise a suitable co-catalyst. Suitably the co-catalyst is an or- 
ganometallic compound having a metal of Group lA, ilA, IIB or IIIB of the periodic table. Preferably, the metals 

40 are selected from the group including lithium, aluminium, magnesium, zinc and boron. Such co-catalysts are 
known for their use in polymerisation reactions, especially the polymerisation of olefins, and include organo 
aluminium compounds such as trialkyl. alkyt hydrido. alkylhalo and alkyi alkoxy aluminium compounds. Suitably 
each alkyl or alkoxy group contains 1-16 cartoons. Examples of such compounds include trimethylaluminium, 
triethylaluminium, diethyl aluminium hydride, triisobutyl aluminium, tridecyl aluminium, tridodecyl aluminium, 

45 diethyl aluminium methoxide. diethyl aluminium ethoxide, diethyl aluminium phenoxide. diethyl aluminium 
chloride, ethyl aluminium dichloride. methyl diethoxy aluminium and methyl aluminoxane. The preferred conn- 
pounds are alkyl aluminoxanes, the alkyl group having 1 to 10 carbon atoms, especially methyl aluminoxane. 
Where Y in the general formula I or II is independently hydrogen or hydrocartsyl, suitable co-catalysts also In- 
clude Bronsted and Lewis acids. These cocatalysts may also be used to prepare metallocene containing poly- 

50 mer. 

The catalyst composition may suitably comprise one or more cocatalysts. Suitably, two different co-cata- 
lyata are present, for example, one selected for the polymerisation catalyst, for example, trialkyl aluminium and 
a second for the metallocene complex, for example, alkyl aluminoxane. Suitably the amount of co-catalyst for 
mixing with t he metallocene of fonmula I or II is such as to provide an atom ratio of M from t he metallocene to 
55 the metal of the co-catalyst of 1-10,000:10,000-1 in the case of aluminoxanes and 1-100:100-1 otherwise. 

Suitably, where one or more active sites needs a cocatalyst. the co-catalyst or co-catalysts may be added 
at different times and in different orders of addition to obtain different products. 

The catalyst composition of the present invention may be prepared and then transferred under inert con- 
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ditions to an olefin polymerisation reactor. Alternatively, the catalyst composition may be prepared in-situ in 
the polymerisation chamter. 

The present invention therefore provides a process for the production orpolyolefins, in particular hon»- 
polymers of ethylene and copolymers of ethylene with minor amounts of at least one C3 to C10. preferably 

5 C3 to C8 alpha-olefin. The process comprises contacting t he monomer or monomers, optionally in the presence 
of hydrogen, with an olefin polymerisation catalyst composition according to any aspect of t he present invention 
at a temperature and pressure sufficient to initiate the polymerisation reaction. Suitably the alpha olefin may 
be propylene, butene-1, hexene-1, 4Hmethytpentane-1 and octene-1 and may be present with the ethylene in 
amounts of 0.001-80% by weight (of the total monomers). The polymers or copolymers of ethylene thus ob- 

10 tained can have densities, in the case of homopolymers of about 950 to 960 or 965 kg/hfi* or in the case of 
copolymers, as low as 915 kg/m3 or even lower eg less than 900 kg/m3. The C3 to C8 alpha-olefin content in 
the copolymers of ethylene can be about from 0.01% to 10% by weight or more. 

The olefin polymerisation catalyst according to the present invention can be used to produce polymers us- 
ing solution polymerisation, slurry polymerisation or gas phase polymerisation techniques. Methods and ap- 
is paratus for effecting such polymerisation rsactiona are well known and described in, for example. Encyclopae- 
dia of Polymer Science and Engineering published by John Wiley and Sons, 1987. Volume 7, pages 480 to 
488 and 1988, Volume 12, pages 504 to 541. The catalyst according to the present invention can be used in 
similar amounts and under similar conditions to known olefin polymerisation catalysts. 

The polymerisation may optionally be carried out in the presence of hydrogen. Hydrogen or other suitable 

20 chain transfer agents may be employed in the polymerisation to control the molecular weight of the produced 
polyolefln. The amount of hydrogen may be such that the percentage of the partial pressure of hydrogen to 
that of olef in(s) is from 0.01-200%. preferably from 0.0510%. 

Typically, the temperature is from 30 to 110°C for t he slurry or "partide form" process or for the gas phase 
process. For the solution process the temperature is typically from 100 to 250''C. The pressure used can be 

25 selected from a relatively wide range of suitable pressures, e.g. from subatmospheric to about 350 MPa. Suit- 
ably, the pressure is from atmospheric to about 6.9 MPa. or may be from 0.05-10. especially 0.14 to 5.5 MPa. 
In the slurry or partide fonm process the process is suitably perfomned with a liquid inert diluent such as a 
saturated aliphatic hydrocarbon. Suitably the hydrocarbon is a C4 to C^o hydrocarbon, e.g. isobutane or an ar- 
omatic hydrocarbon liquid such as benzene, toluene or xylene. The polymer is recovered directly from the gas 

30 phase process or by filtration or evaporation from the slurry process or evaporation from the solution process. 
The catalyst compositions of the present invention are particulariy suitable for use in the gas phase. 
By using the catalyst compositions of the present invention broad nfKstecular weight polymers may be pro- 
duced using a single catalyst in which the metallocene component produces one molecular weight range poly- 
mer and t he polymerization catalyst eg Ziegler produces anot her. 

35 Such broad molecular weight polymers are prefen-ed for certain products for example high strength pipe, 
blow moulding, tough film, etc wherein the strength is derived from the high molecular weight component and 
processability from the low molecular weight component without which the polymer is generally too viscous 
to be conveniently extruded. 

It is also possible to obtain variations in comonomer distribution as a functton of molecular weight by using 

40 catalyst components with different comonomer Incorporation rates. 

The combined catalyst compositions offer the potential to achieve a wide range of molecular weight and 
comonomer distributions and to produce easily processabte polymer grades for example high strength film 
grades. 

45 Melt Index Measurement 

The Melt Index (Ml) of the polymers produced was determined according to ASTM D1238 Condition E. 
2.16 kg at 190X whtte the High Load Melt Index (HLMI) was according to ASTM D1238 condition F. 21.6 kg 
at 190'C. 

50 * 

Method for Measurina the Molecular Weight Distribution 

The mdecutanftreight distribution of a (co)poiymer is calculated according to the ratio of the weight-average 
molecular weight, Mw, to the number-average molecular weight distribution curve obtained by means of a "WA- 
55 TERS" (trademaric) model "ISO C" gel permeation chromatograph (High Temperature Size Exclusion Chroma- 
tograph), the operating conditions being the following: 

- solvent: 1.2.4-trtchlorobenzene; 

- solvent flow rate: 1 .0 ml/minute: 
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- t hree "SHODEX" (trademark) model "AT 80 MS" columns of 25 cm lengt h are employed; 

- temperature: 145'C; 

- sample concentration: 0.1% by weight; 

- injection volume: 500 microlitres; 

5 - Universal Standardisation using monodisperse polystyrene fractions. 

The present invention will now be further illustrated with reference to the following examples: 
All of the reactions and purifications detailed below involving organometaflic species were carried out un- 
der a dry nitrogen atmosphere using standard vacuunvline techniques. Tetrahydrofuran and diethyl ether were 
dried over sodium benzophenone ketyl and distilled. Toluene was dried over sodium-potassium and distilled. 
10 Dichloromet hane was dried over 4A molecular sieves. All ot her reagents were used as received. 

Example 1: Preparation of Bis (3-butenylcyclopentadienyl)zirconium Dichloride 

Step (a) Preparation of 3-buten>1>tosylatie 

15 

To a solution of 100 g (525 mmol) p-to!uenesulphonyl chloride in 200 ml of dry pyridine cooled to 0*»C was 
added 21.1 g (29.3 mmol) 3-buten-1-ol. The reaction solution was thoroughly mixed and allowed to stand in a 
refrigerator at -5**C overnight. The reaction mixture was then poured with stining into 200g of Ice/water. The 
oily tosylate product was extracted from t he aqueous mixture with 3 x 300 ml aliquots of et her. The combined 

20 ethereal fractions were washed twice with 300 ml of cold aqueous hydrochloric add (cone HCI:water 1:1 w/w) 
to remove pyridine and then with 300 ml water, dried over potassium carbonate and sodium sulphate and de- 
colourised wit h activated carbon. The Suspension was f iltered and I he et her evaporated from t he f iltrate under 
reduced pressure to leave a pale yellow oil. The oil was then washed with cold pentane to remove impurities 
and induce crystallisation. 51 .0 g of spectroscopically pure product (^H NMR) as a microcrystalline white solid 

25 were isolated (225 mmol, 76.7%). 

Step (b) Preparation of 3-but9nylcyclopentadiene 

To a solution of 25.0 g (110 mmol) 3-buten-1 -tosylate prepared according to step (a) above in 200 ml THF 
30 cooled to 0*C was added 66.9 ml of 2.0 M (136 mmol) sodium cyclopentadienylide in THF. The reaction mixture 
was allowed to wami to room temperature and was stined for 16 h. 100 ml concentrated aqueous saline solution 
was added and the product extracted with ether (3 x 75 ml). The combined organic fractions were dried over 
magnesium sulphate for 2 hours, filtered and the solvents removed under reduced pressure using a rotary 
evaporator to yield a dark brown oil. The crude product was distilled under reduced pressure (b.p. 50-51 <*C @ 
35 15 mm Hg) to give 5.71 g of a colouriess oil (47.6 mmol. 43.3%). 

Step (c) Preparation of Bl8(3-butenylcyclopentadienyl)zirconium Dichloride 

19 ml of 2.5 M (47.5 mmol) butyllithium in mixed Ce alkane solvent was slowly added to 5.7 g (47.5 mmol) 
40 3-butenylcyclopantadiene prepared according to step (b) above in 50 ml THF cooled to and stin-ed for 1 
hour. The lithium 3-butenyi cyclopentadienylide solution produced was added to 4.43 g (19.0 mmol) zirconium 
tetrachloride in 50 ml THF cooled to 0°C and stirred for 65 hours. The volatiles were removed under vacuum 
and the residue extracted with ether and filtered. The product was precipitated as a microcrystalline white solid 
upon slow cooling of the solution to -50X. Recrystallisation from cold ether (-12'C) yielded 1.54 g of spectro- 
45 scopically pure product (^H NMR) as colouriess needles (3.65 mmol. 20.2%). 

Example 2: Preparation of Bi8(3-propenylcyclopentadlenyt)zirconlum Dichloride 

Step (a) Preparation of 3-Propenylcydopentadlene 

50 

To a rapidly stirred solution of allylbromide (42.739; 0.35mol) dissolved in dry THF (200ml) at O^C was add- 
ed a Solution of sodium cydopentadiene (220mL 2.0M; 0.44mol) in THF. The reaction was stin-ed for 2hr8 during 
which time it was allowed to wamn to room temperature. Iced water (1500ml) was added and the organic product 
extracted with diethyl ether (3x400ml). The combined organic fractions were dried over magnesium sulphate 
55 ovemight, filtered and the solvents removed under reduced pressure using a rotary evaporator to yield a pale 
brown oil. The crude product was distilled under reduced pressure (b.p. 35-45 ''C @ 17 mm Hg) to give 1 1 .17g 
of a colouriess oil (O.IOSmol, 33.3%). 
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Step (b) Preparation of bis (3-propenylcyclopentadienyl)zirconium Dichloride 



IVIethyllithium solution (75.25ml, 1.4M; 0.105niol) in diethyl ether was slov^y added to a rapidly stin'ed sol- 
ution of propenylcyclopentadiene (11.17g, 0.105mol) in dry diethyl ether at 0*C. The reaction was warmed to 

5 room temperature and stining continued until gas evolution had ceased. The precipitated lithium propenylcy- 
clopentadienyllde was isolated by filtration, washed with diethyl ether (2x100ml) and pumped to dryness to 
give 10.85g (0.095mol) of fine white powder. To a rapidly stin'ed THF solution (100ml) of the lithium propenyl- 
cyclopentadienylide at 0**C was added zirconium tetrachloride (11.099, 47.5mmol) dissolved in dry THF 
(1 00ml). The reaction mixture was allowed to warm to room temperature and was stin'ed for 16 hrs. The volatiles 

10 were removed under vacuum and the residue extracted with diethyl ether (4x100mi) and filtered. The product 
was obtained as a microcrystalline white solid upon slow cooling of the solution to -78°C. Recrystallisation from 
cold ether yielded 13.33g of spectroscopicaliy pure product (^H NMR) as colourless needles (35.8 mmol, 
75.4%). 

15 Examples 3-6 Polymerisation of Et hylene 

The polymerisation reaction was carried out in a 100 litre bench reactor using 25 litres of isobutane as dBu- 
ent. The total pressure maintained throughout the reaction was 2.07 MPa (300 psi). The reaction was carried 
outateO'C. 

20 The reactor was heated to lOO^C and purged with dry nitrogen to attain a dry inert atmosphere. 25 litres 
of Isobutane was then added to the reactor, followed by an appropriate amount of hydrogen. The reactor was 
then pressurised up gradually to the operating pressure of 2.07 MPa (300 psi) with stining: 

A quantity of trimethyl aluminium co-catalyst in toluene (2M, 5.5ml) containing the metallocene complex 
as prepared according to Example 1 was added to the reactor and stinred under a blanket of ethylene. TICU 

25 supported on MgCl2 (Ziegler Natta catalyst as described in Example 1 of GB 1359547) was then injected into 
the reactor. The contents of the reactor were stin'ed for 20 minutes at 100°C. Methyl aluminoxane (55 cm^. 
2M with respect to aluminium, Examples 3-5; 85 cm^ 2M with respect to aluminium, Example 6) was then add- 
ed and t he polymerisation left to continue for a furt her 40 minutes at 100'C. The reaction was terminated by 
purging with nitrogen and adding acidified methanol. The reactor contents were then vented to leave a slurry 

30 from which dry white polymer was isolated by filtration, washed with methanol and vacuum dried. The Melt 
Indices (Ml, HLMI, MIR) and molecular weights were determined as described above. 

The process was repeated in Comparative Examples (CE1 and 2) in which the Ziegler Natta catalyst (and 
MesAI) or the metallocene complex (and MAO) respectively were absent. 

The process details and properties of the polymer obtained are given in Table 1. 

35 

Examples 7-9 Preparation of Metallocene containing Polymer 

A solution of MAO in toluene was added to the metallocene and the solution stin'ed to dissolve the met- 
allocene. The mixture was heated to SO'^C and ethylene introduced ata measured flow rate. After the ethylene 
40 flow was stopped the mixture was filtered and the solid polymer washed with 5x25 aiiquots of toluene at room 
temperature. 

A sample of each polymer (0.5 - Ig) was transfen-ed anaerobically to a round bottom fiask. 100ml toluene 
was added and the mixture.stin-ed while the fiask was heated to 100X for 3 hrs resulting in a dear pale yellow 
Solution. The flask was cooled to room temperature resulting in repreclpitation of the polymer. The solution was 
45 filtered and the polymer washed with 5x25 aiiquots of toluene at room temperature. 

The preparative details for each polymer and the zirconium content before and after toluene washing are 
given in Table 2. 

Due to the high solubility of the free metallocene complex in toluene the zirconium content before and after 
washing indicates that the metallocene complex has been incorporated into the polymer. 

50 

Example 10 Preparation of Ziegler Catalyst 

19.65g of Crossfield ES70 (calcined at 800X for 5 hrs in flowing nitrogen) was slunied in 200ml n-hexane 
and a solution of 29.5ml (IM) dibutylmagnesium in n-hexane added during 1 hr with stirring at ambient tem- 
55 perature. The reaction was continued for a further hour and the slurry filtered. The residue was washed with 
n-hexane and filtered and the washing repeated twice before solvent traces were removed from the residue 
under vacuum at ambient temperature. 

The residue was stirred with 200ml n-hexane and a solution of 2.78g tert-butyl chloride in 30ml n-hexane 
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added over 1 hr with stirring at SOX. The reaction was continued for a further 1 hr and filtered and washed. 
The residue was re-slunied in 200 ml n-hexane and 0.1 53g titanium tetracl]loride in 30 ml n-hexane added 
over 1 hr with stirring at ambient temperature. The reaction was continued forafurther 1 hr. followed byfiltration 
and re-slurrying in 200 ml n-hexane. A solution of 1.082g titanium butoxide in 30ml n-hexane was added over 
5 1 hr. with stin-ing at ambient temperature. The reaction was continued for a further hour before filtration and 
washing with 200ml n-hexane. The filtration and washing was repeated twice more before the residue was 
obtained free from solvent under vacuum at ambient temperature. The titanium loading of the catalyst was 
1.21% wlw. 

10 Example 1 1 Preparation of Supported Polymer 

O.Sg of the polymer prepared according to Example 9 was dissolved in 20 ml toluene at 80*C and added 
to 3.05g of the silica supported Ziegler catalyst prepared according to Example 10 with stirring. The solvent 
was removed under vacuum while maintaining the temperature at 80'*C to yield a white, free-flowing powder 
15 having 0.12% wlw Zr. 

Examples 12-13 Polymerisation of Et hylene 

Supported polymer as prepared in Example 11 was added to a 3 litre reactor containing 1.5 litres isobutane 
20 and 9.6 mmol MAO (4 ml of 2.4M toluene Solution). Hydrogen was Introduced at the required pressure and the 
temperature raised to 75X. Ethylene was introduced to maintain a constant total pressure of 28.1 bar and the 
reaction continued for 1 hr. before quenching byventing to atmospheric pressure and the addition of 2-propanol. 
Details and polymerisation results are given in Table 3. 

From the Table it can be seen t hat t he catalyst compositions using a polymer of the metallocene complex 
25 have high activity and lead to broad molecular weight polymerB. 
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Claims 

1. A catalyst composition for use in the polymerisation of oiefins characterised in that it comprises at least 
50 one polymerisation catalyst and at least one metallocene complex of general formula I or II 

M[XRJ,Yp (I) 



55 



(II) 
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wherein R is a univalent or divalent 1-20C hydrocarbyl, or a 1-20C hydrocarbyt containing Substituent oxy- 
gen, silicon, phosphorus, nitrogen or boron atoms with the proviso that,at least one R group contains a 
polymerisable group and preferably contains at least three carbon atoms.and when there are two or more 
R groups present they may be the same or dlfferentand when R is divalent it is directly attached to M, 
5 and replaces a Y llgand, wherein 

X is an organic group containing a cyclopentadienyl nucleus. 

M is a Group IVA metal, 

Y is a univalent anionic llgand and 
for formula I. 
10 n is an integer of 1 to 10 

X is either 1 or 2, and 

wh8nxs1,psO-3, 

when X = 2, p = 0-2, 
and for formula II, 

15 n, m and 1 are integers or 0 such that n + m + lfe1,p = 0-2, and 

Z is a Ci to C4 alkylene radical or a dialkyi germanium or silicon or an alkyi phosphine or amine 
radical or bis-dialkylsilyl or bis-dialyklgermanyl containing hydrocarbyl groups having 1 to 4 carbon atoms 
bridging the cyclopentadienyl nuclei. 

20 2. A catalyst composition according to claim 1 wherein the polymerization catalyst is selected from a Group 
IVA. VA or VIA metal compound or a Ziegler Natta catalyst. 

3. A catalyst composition according to daim 1 or 2 wherein M in general formula I or M is zirconium. 
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4. A catalyst compositton according to any of the preceding claims wherein the polymerisable group is an 

olefinic group. 

5. A catalyst composition according to claim 4 wherein the olefinic group is a vinyl group. 

6. Acatalyst composition according to any of the preceding claims wherein the polymerisation catalyst and/or 
30 the metallocene complex are supported on an inorganic support. 

7. Acatalyst composition according to claim 6 wherein the inorganic support is selected from silica, alumina 
and/or a Group II metal halide. 

35 8. Acatalyst composition for use in the polymerisation of olefins comprising at least one polymerisation cat- 
alyst and at least one polymer of at least one nrtetallocene complex of general formula I or II as described 
in daim 1. 

9. Acatalyst composition according to daim 8 wherein the polymer comprises at least one olefin and at least 
one metallocene complex. 

10. A catalyst compositton according to either claim 7 or 8 wherein the polymerisation catalyst and polymer 
are supported on an inorganic support. 
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11. A catalyst composition according to any of the preceding claims further comprising a cocatalyst. 

12. Acatalyst composition according to daim 11 wherein the cocatalyst is a Group lA. IIA, IIB or IIIB organo- 
metallic compound. 

13. A catalyst composition according to daim 12 wherein the cocatalyst is an organoaluminium compound. 

14. A process for preparing the polymer according to claim 9 characterised in t hat t he metallocene complex 
and olef in are contacted toget her in t he presence of an inert solvent and/or a cocatalyst. 

1 5. A process for preparing the catalyst composition according to daim 9 characterised in that the metallocene 
55 complex, olefin and the polymerisation catalyst are contacted together in the presence of an inert solvent 

and/or cocatalyst. 

16. A process for preparing the catalyst composition according to daim 9 characterised in that polymer is dis- 
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solved in an inert solvent and deposited on the pdymerlsation catalyst supported on an Inorganic support. 

17. A process for the polymerisation of olefins comprising contacting at least* one olefin monomer with a cat- 
alyst composition according to any of the claims 1 to 13 or prepared according to either dairn 15 or 16. 

18. A process according to claim 17 wherein t he polymerisation is carried out in the gas phase. 

19. A process according to either of claims 17 or 18 wherein the olefin monomer is ethylene. 
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FIG. 2 




16 



EP 0 586 168 Al 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



£P 93 30 6666 



DOCUMENTS CONSIDERED TO BE RELEVANT 



ofdol 



of fcfavt pmno 



■pproftrfUBi 



P-A-O 496 193 (HOECHST) 
the whole dociimeiit * 

P-A-0 372 414 (HOECHST) 
the whole document * 



Ite 



up for I 



to ctaiai 



CLASSmCAHON OP THE 
APPUC4T10N ftotCLA 



08F10/00 



SEARCHED OttOS) 



:08F 



THE HAGUE 



25 November 1993 I De Roeck» R 



GAIVGORY OF CITED DOCUMENTS 




tf or prtedal* intfiflytBt di« tofwtlw 
immkmitBammt, but tahUibaiM,*! 

MNM cM to Ch* npllcadao 



A : aaMraf tt« na* ptMoi teaUljr, catiwpMttii 



17 



